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WXUEXOHQWVWUXFWXUHVSUHVHQWLQWKHVHIORZV7KH36,&WHFKQLTXHLVLPSOHPHQWHGWRDFKLHYHSDUWLFOHIOXLGFRXSOLQJDQGDKDUGVSKHUHSHUIHFWO\
HODVWLFFROOLVLRQGHWHFWLRQDQGUHVROXWLRQDOJRULWKPLVXVHGWRLQWURGXFHIRXUZD\FRXSOLQJ7KLVVWXG\FRQVLGHUVWKUHHGLVWLQFW6WRNHVQXPEHUVሺܵݐା ൌ  ?Ǥ ?ǡ  ? ?ǡ  ? ?ሻREWDLQHGE\PRGLI\LQJWKHGHQVLW\UDWLRZLWKDIL[HGSDUWLFOHGLDPHWHUUHODWLYHWRWKHFKDQQHOKDOIKHLJKW݀௉כ ൌ  ?Ǥ ? ? ?
,,0(7+2'2/2*<
$&KDQQHOIORZVLPXODWLRQ
'LUHFWQXPHULFDOVLPXODWLRQLVHPSOR\HGXVLQJWKHRSHQVRXUFHFRGH1HN)LVFKHUHWDOZKLFKXVHVDKLJKRUGHUVSHFWUDOHOHPHQW
PHWKRGWRVLPXODWHWKHIOXLGSKDVHWRDKLJKGHJUHHRIDFFXUDF\ZKHUHLQDOOUHOHYDQWWXUEXOHQFHOHQJWKDQGWLPHVFDOHVDUHIXOO\UHVROYHG7KH
JRYHUQLQJHTXDWLRQVIRUWKHFRQWLQXRXVSKDVHDUHWKHGLPHQVLRQOHVVLQFRPSUHVVLEOHFRQWLQXLW\DQG1DYLHU6WRNHVHTXDWLRQVJLYHQE\સ ڄ ࢛כ ൌ  ?ǡ ܦ࢛כܦݐכ ൌ െસ݌כ ൅  ?ܴ݁஻ ׏ଶ࢛כ ൅ ࢌ௉ீכ ൅ ࢌଶௐכ ǡ 
ZKHUH࢛כLVWKHIOXLGYHORFLW\YHFWRU݌כLVWKHIOXLGSUHVVXUHܴ݁஻LVWKHEXON5H\QROGVQXPEHUGHILQHGDVܴ݁஻  ൌ  ܷ஻ߜȀߥிDQGߥிLVWKH
IOXLGNLQHPDWLFYLVFRVLW\7KHVHHTXDWLRQVDUHQRQGLPHQVLRQDOLVHGXVLQJWKHFKDQQHOKDOIKHLJKWߜWKHEXONIOXLGYHORFLW\ܷ஻DQGWKHIOXLG
SKDVH GHQVLW\ ߩி )URP KHUH RQ D TXDQWLW\ ZLWK DQ DVWHULVN GHQRWHV DYDULDEOHQRQGLPHQVLRQDOLVHG LQ WKLV PDQQHU 7KH WHUP ࢌ௉ீכ 
UHSUHVHQWVWKHFRQVWDQWSUHVVXUHJUDGLHQWKRPRJHQHRXVIRUFLQJWHUPRULHQWDWHGLQWKHVWUHDPZLVHGLUHFWLRQZKLFKKDVPDJQLWXGH
 ߲݌כ߲ݔכ ൌ ൬ܴ݁ఛܴ݁஻൰ଶǤ 
+HUHܴ݁ఛ ൌ ݑఛߜȀߥிUHSUHVHQWVWKHVKHDU5H\QROGVQXPEHULQWKHDEVHQFHRISDUWLFOHVZLWKݑఛ ൌ ඥ߬ௐȀߩிWKHVKHDUYHORFLW\DQG߬ௐ
WKHPHDQVKHDUVWUHVVDWWKHZDOOERXQGDU\,QWKLVVHQVHWKHIORZLVGULYHQE\DFRQVWDQWIRUFHZKLFKLVXQUHODWHGWRWKHSUHVHQFHRISDUWLFOHV
ZLWKLQWKHIORZ)RUDOOVLPXODWLRQVFRQVLGHUHGZLWKLQWKLVVWXG\WKHVKHDU5H\QROGVQXPEHUZDVVHWWREHFRQVWDQWDWܴ݁ఛ ൌ  ? ? ?GXHWRWKLV
SDUWLFXODU V\VWHP KDYLQJEHHQ H[WHQVLYHO\ VLPXODWHG YDOLGDWHG DQGXQGHUVWRRG IRU WKH XQODGHQ FDVH 7KH FRUUHVSRQGLQJ EXON 5H\QROGV
QXPEHULVܴ݁஻ ൌ  ? ? ? ?7KHWHUPࢌଶௐכ UHSUHVHQWVWKHSRLQWVRXUFHWZRZD\FRXSOLQJPRPHQWXPH[FKDQJHWHUPEHWZHHQWKHSDUWLFOHVDQG
WKHVXUURXQGLQJIOXLG7KHWHFKQLTXHLJQRUHV WKHSK\VLFDOGLVSODFHPHQWRI WKHORFDOIOXLGVXUURXQGLQJWKHSDUWLFOHEXWVLQFHWKHSDUWLFOH
GLDPHWHUFRQVLGHUHGLVVPDOOHUWKDQWKHJULGVSDFLQJLWLVYLDEOHWRXVHWKH36,&PHWKRGRIREWDLQLQJWZRZD\FRXSOLQJVRORQJDVWKHYROXPH
IUDFWLRQUHPDLQVVXIILFLHQWO\ORZ%\VDWLVI\LQJWKHVHFRQGLWLRQVWKHVKRUWUDQJHSHUWXUEDWLRQVDUHGLVVLSDWHGE\WKHIOXLGYLVFRVLW\DQGVRWKH
XQGLVWXUEHGFHOOYHORFLWLHVDUHDSSUR[LPDWHO\HTXLYDOHQWWRWKHGLVWXUEHGFHOOYHORFLWLHV6LQFHWKHIRFXVRIWKLVZRUNLVRQGHWHUPLQLQJWKH
HIIHFWVRISDUWLFOHVRQYRUWLFDOVWUXFWXUHVZHDOVRFRPSDUHWKHSDUWLFOHVL]HWRWKHVL]HRIWKHVHVWUXFWXUHV,QDOOVLPXODWLRQVFRQVLGHUHGWKH
SDUWLFOH VL]H LV OHVV WKDQD WKLUGRI WKH.ROPRJRURY OHQJWK VFDOHPHDQLQJ WKDW IRUHYHQ WKHVPDOOHVW WXUEXOHQFHVWUXFWXUHV WKHWUDMHFWRU\
WKURXJKWKHVWUXFWXUHZLOOEHUHVROYHGVRORQJDVWKHWLPHVWHSLVVXIILFLHQWO\ORZ+HQFHWKHVSDWLDOO\DQGWHPSRUDOO\GHYHORSLQJIHHGEDFN
ILHOGFDXVHGE\DVLQJOHSDUWLFOHZLOOEHVPRRWKDQGORFDOO\GLVWULEXWHG7KHHTXDWLRQIRUWKHDFFHOHUDWLRQVRXUFHWHUPLQWKH1DYLHU6WRNHV
HTXDWLRQVLVDVIROORZV
 ࢌଶௐכ௜ ൌ െ ݉௣݉ி ෍ ߲࢛௉ೕכ߲ݐכேುǡ೔௝ ǡ 
ZKHUH݉௣LVWKHPDVVRIHDFKSDUWLFOH݉ிLVPDVVRIWKHIOXLGZLWKLQWKHLQWHJUDWLRQYROXPHDQG݆LVDQLQGH[ZKLFKLWHUDWHVRYHUWKHQXPEHU
RISDUWLFOHVFRQWDLQHGZLWKLQWKHFRUUHVSRQGLQJFHOOܰ ௉ǡ௜7KHYDULDEOHVZLWKLQLQWKHVXPPDWLRQDUHUHODWHGWRWKH/DJUDQJLDQSDUWLFOHWUDFNLQJ
/37DOJRULWKPDQGZLOOEHLQWURGXFHGLQ6HFWLRQ,,%1RWHWKDWWKLVWHUPLVDQRQGLPHQVLRQDODFFHOHUDWLRQZKLFKLVVXEVHTXHQWO\PXOWLSOLHG
E\WKHIOXLGGHQVLW\LQWKHPRPHQWXPHTXDWLRQ
7KHJHRPHWU\FRQVLGHUHGLQWKLVVWXG\LVWKDWRIDZDOOERXQGHGFKDQQHOIORZZKLFKLVGLVFUHWL]HGRQWRDVWUXFWXUHG&DUWHVLDQJULG
FRQVLVWLQJ RI  ൈ  ൈ WKRUGHU VSHFWUDO HOHPHQWV FKRVHQ WR HQVXUH WKDW WKH PHDQ VSDFLQJ RI *// QRGHV LV RQ WKH RUGHU RI WKH
.ROPRJRURYVFDOHVHH0RUWLPHUHWDO(OHPHQWVORFDWHGFORVHWRWKHZDOODUHGLVWULEXWHGLQWKHZDOOQRUPDOሺݕሻGLUHFWLRQPRUH
GHQVHO\LQRUGHUWRUHVROYHWKHVPDOOVFDOHWXUEXOHQWVWUXFWXUHVLQWKRVHUHJLRQV(OHPHQWVLQWKHVWUHDPZLVHሺݔሻDQGVSDQZLVHሺݖሻGLUHFWLRQV
DUHGLVWULEXWHGHYHQO\$FKDQQHOIORZFRPSXWDWLRQDOGRPDLQVFKHPDWLFLVSUHVHQWHGLQ)LJXUHDQGKDVGLPHQVLRQV ? ?ߜ ൈ  ?ߜ ൈ  ?ߜ7KH
XSSHUDQGORZHUERXQGVRIWKHZDOOQRUPDOGLUHFWLRQHQIRUFHQRVOLSDQGLPSHUPHDELOLW\FRQGLWLRQVZKHUHDVWKHRWKHUWZRGLUHFWLRQVDUH
SHULRGLFDWHLWKHUHQG


)LJXUH6FKHPDWLFRIWKHPXOWLSKDVHWXUEXOHQWFKDQQHOIORZDWܴ݁ఛ ൌ  ? ? ?&RORXULQGLFDWHVIOXLGYHORFLW\PDJQLWXGHQRQGLPHQVLRQDOLVHGE\WKHEXONIORZYHORFLW\ܷ஻%ODFNVSKHUHVLQGLFDWHORFDWLRQVRISDUWLFOHV
$FRQVWDQWIOXLGVROYHUWLPHVWHSRI߂ݐכ ൌ  ?Ǥ ? ? ?LVXVHGFRQVLVWHQWO\DQGLVEHORZWKDWRIWKHVPDOOHVWSDUWLFOHUHVSRQVHWLPHDQGWKH
LQLWLDOFRQGLWLRQXVHVDODPLQDUSURILOHZKLFKFRQWDLQVPLQRUSHUWXUEDWLRQVLQWKHRIIVWUHDPZLVHGLUHFWLRQVLQRUGHUWRHQFRXUDJHWKHWUDQVLWLRQ
WR WXUEXOHQFH $Q LQLWLDO XQODGHQ VLPXODWLRQ ZDV SHUIRUPHG XQWLO ݐכ ൌ  ? ? ? ? GXULQJ ZKLFK ILUVW DQG VHFRQGRUGHU IORZ VWDWLVWLFV ZHUH
PRQLWRUHG$IWHUWKH\KDGUHDFKHGDVWDWLVWLFDOO\VWDWLRQDU\VWDWHWKHVWDWLVWLFVZHUHUHVDPSOHGEHWZHHQEXONWLPHV  ? ? ? ൏ ݐכ ൑  ? ? ? ?IRU
YDOLGDWLRQDQGDQDO\VLVSXUSRVHV
%/DJUDQJLDQSDUWLFOHWUDFNLQJ
7KH/37URXWLQHDSSOLHGLQ0RUWLPHUHWDOZDVXVHGWRFRPSXWHWKHWUDMHFWRULHVRIVROLGSDUWLFOHVWKURXJKRXWWKHFKDQQHOIORZ,QWKLV
DSSURDFKLWLVDVVXPHGWKDWHDFKHOHPHQWRIWKHGLVFUHWHSKDVHLVDQXQGHIRUPDEOHLPSHQHWUDEOHSRLQWOLNHVSKHUHZKLFKLVRQWKHVDPH
VFDOHDVRUVPDOOHUWKDQWKH.ROPRJRURYVFDOHLQDOOUHJLRQVRIWKHIORZ$IWHUDFRQWLQXRXVSKDVHWLPHVWHSLVFRPSOHWHGWKH/37VSHFWUDOO\
LQWHUSRODWHVNH\IOXLGREVHUYDEOHVLQVWDQWDQHRXVYHORFLW\DQGGHYLDWRULFWHQVRUFRPSRQHQWVRQWRWKHSRVLWLRQRIHDFKSDUWLFOHLQWKHIORZ
7KLVLQIRUPDWLRQLVWKHQXVHGWRVROYHWKHIRUFHEDODQFHHTXDWLRQ0D[H\DQG5LOH\0D[H\5LOH\DQG3DWWHUVRQ-UIRU
HDFKSDUWLFOHLQWHJUDWHGWRXSGDWHWKHSDUWLFOHSRVLWLRQDQGYHORFLW\RYHUWKHFRXUVHRIDWLPHVWHS,QRXUSUHYLRXVZRUN0RUWLPHUHWDO
LWZDVGHWHUPLQHGWKDWDOOK\GURG\QDPLFIRUFHVGUDJOLIWSUHVVXUHJUDGLHQWDQGYLUWXDOPDVVDUHUHOHYDQWDFURVVWKHUDQJHRI6WRNHV
QXPEHUVDQGGHQVLW\UDWLRVFRQVLGHUHGLQWKLVVWXG\*UDYLWDWLRQDODQGEXR\DQF\IRUFHVZHUHH[FOXGHGVLQFHWKHSUHVHQWVWXG\IRFXVHVRQ
HOXFLGDWLQJWKHPHFKDQLVPVE\ZKLFKFRKHUHQWWXUEXOHQWVWUXFWXUHVDUHDOWHUHGE\WKHSUHVHQFHRISDUWLFOHVDQGDGGLWLRQDOJUDYLW\UHODWHG
EHKDYLRXUVXFKDVVHWWOLQJZRXOGLQWURGXFHFRPSOH[LW\WRWKHXQGHUVWDQGLQJ7KH%DVVHWKLVWRU\IRUFHKDVEHHQQHJOHFWHGGXHWRSUHYLRXV
ZRUN H[KLELWLQJ YHU\ OLWWOH HIIHFW RQ WKH SDUWLFOH PRWLRQ XSRQ LWV LQFOXVLRQ )DLUZHDWKHU DQG +XUQ  'DLWFKH  :LWK WKHVH
QHJOHFWLRQVWKH1HZWRQLDQHTXDWLRQVRIPRWLRQIRUHDFKSRLQWVSKHUHDUH
  ?࢞௉כ ?ݐכ ൌ ࢛௉כ ǡ 
  ?࢛௉כ ?ݐכ ൌ  ?୚୑ ۏێێ
ۍ ?ܥ஽ȁ࢛௦כȁ ? ௣݀כ ߩ௉כ ࢛௦כᇣᇧᇧᇤᇧᇧᇥ஽௥௔௚ ൅   ? ?ܥ௅ߩ௉כ ሺ࢛௦כ ൈ ࣓ிכ ሻᇣᇧᇧᇧᇧᇤᇧᇧᇧᇧᇥ௅௜௙௧  ൅  ? ?ߩ௉כ ܦ࢛ி
כܦݐכᇣᇧᇤᇧᇥ௏௜௥௧௨௔௟ெ௔௦௦  ൅  ?ߩ௉כ ܦ࢛ிכܦݐכᇣᇧᇤᇧᇥ௉௥௘௦௦௨௥௘ீ௥௔ௗ௜௘௡௧ےۑۑ
ې Ǥ 
+HUH࢞௉כ LVWKHSDUWLFOHSRVLWLRQYHFWRU࢛௉כ LVWKHSDUWLFOHYHORFLW\YHFWRU࢛ிכ LVWKHVSHFWUDOO\LQWHUSRODWHGIOXLGYHORFLW\YHFWRUDWWKH
SRVLWLRQRIWKHSDUWLFOH࢛ௌכ ൌ ࢛ிכ െ ࢛௉כ LVWKHVOLSYHORFLW\EHWZHHQWKHIOXLGDQGWKHSDUWLFOH݀௉כ LVWKHSDUWLFOHGLDPHWHUQRQGLPHQVLRQDOLVHG
E\WKHFKDQQHOKDOIKHLJKWߩ௉כ LVWKHGHQVLW\UDWLREHWZHHQWKHIOXLGDQGWKHSDUWLFOHDQG࣓ிכ ൌ સ ൈ ࢛ிכ LVWKHYRUWLFLW\RIWKHIOXLGVSHFWUDOO\
LQWHUSRODWHGDWWKHSDUWLFOHSRVLWLRQ୚୑LVWKHYLUWXDOPDVVDQGܥ஽DQGܥ௅DUHWKHGUDJDQGOLIWFRHIILFLHQWVUHVSHFWLYHO\)XUWKHUGHWDLOV
VXUURXQGLQJWKHFDOFXODWLRQDQGRULJLQRIWKHVHWHUPVDUHSUHVHQWHGLQ0RUWLPHUHWDO(TVDQGDUHVROYHGXVLQJDIRXUWKRUGHU
5XQJH.XWWDVFKHPHZLWKWKHLQWHJUDWLRQWLPHVWHSHTXDOWRWKDWXVHGE\WKHFRQWLQXRXVSKDVHVROYHU
7DEOH3DUWLFXODWHSKDVHSDUDPHWHUVIRUPXOWLSKDVHWXUEXOHQWFKDQQHOIORZVLPXODWLRQDWܴ݁ఛ ൌ  ? ? ?
3DUDPHWHU 6W§ 6W§ 6W§
3DUWLFOHGLDPHWHU݀௉כ    
3DUWLFOHGLDPHWHU݀௉ା   
1XPEHURISDUWLFOHV ௉ܰ   
6KHDU6WRNHVQXPEHUܵݐఛ   
%XON6WRNHVQXPEHUܵݐ஻   
'HQVLW\UDWLRߩ௉כ    
9ROXPHIUDFWLRQȣ௉  ? ?ିସ  ? ?ିସ  ? ?ିସ
3DUWLFOHDQGIOXLGWLPHVWHSǻW   
3DUWLFOHDQGIOXLGWLPHVWHSǻW   
3DUWLFOHVDUHLQLWLDOO\LQMHFWHGUDQGRPO\WKURXJKRXWWKHHQWLUHW\RIWKHGRPDLQDQGDUHUHIOHFWHGHODVWLFDOO\XSRQFROOLVLRQZLWKDQ\RI
WKHZDOOERXQGDULHV3DUWLFOHV OHDYLQJ WKURXJKDSHULRGLFERXQGDU\DUH UHLQMHFWHG LQWR WKHRWKHUVLGHRI WKHGRPDLQDW WKHFRUUHVSRQGLQJ
SRVLWLRQ,PSRUWDQWO\LQERWKRIWKHVHERXQGDU\LQWHUDFWLRQPHFKDQLVPVWKHGLVWDQFHWUDYHOOHGZLWKLQWKHWLPHVWHSLVFRQVHUYHG)RUH[DPSOH
ZKHQFROOLGLQJZLWKDZDOOH[WUDFDOFXODWLRQVDUHSHUIRUPHGWRHQVXUHWKHSDUWLFOHUHIOHFWVRIIWKHZDOOWKHVDPHGLVWDQFHLWWUDYHOOHGYLUWXDOO\
µWKURXJK¶WKHERXQGDU\,QWHUSDUWLFOHFROOLVLRQVDUHQRWFRQVLGHUHGLQWKLVVWXG\VLQFHWKHYROXPHIUDFWLRQLVVXIILFLHQWO\ORZȣ௉ ൏  ? ?ିଷ,Q
WKLVUHJLPHFROOLVLRQVRFFXULQIUHTXHQWO\HQRXJKVXFKWKDWWKHWXUEXOHQFHLVXQDIIHFWHGE\WKHUHGLVWULEXWLRQRIVOLSYHORFLWLHVLQDFROOLVLRQ
HYHQW
,WLVXVHIXOWRFKDUDFWHUL]HVSKHULFDOSDUWLFOHVLQVROLGIOXLGPXOWLSKDVHWXUEXOHQWIORZVE\WKHLU6WRNHVQXPEHU7KLVPHDVXUHVWKHSDUWLFOH
UHVSRQVH WLPHVFDOH WRDVXLWDEOHV\VWHPVSHFLILFIOXLGWLPHVFDOHVXFKDV WKHEXON WLPHVFDOH ߬ி஻ ൌ ߜȀܷ஻RU WKHVKHDUYLVFRXV WLPHVFDOH߬ிఔ ൌ ߥிȀݑఛଶ+HQFHWKH6WRNHVQXPEHUVIRUDJLYHQSDUWLFOHLQWKLVVWXG\DUHJLYHQE\ܵݐ஻ ൌ ߬௉Ȁ߬ி஻IRUWKHEXONVFDOHDQGܵା ൌ ߬௉ା ൌ߬௉Ȁ߬ிఔ IRUWKHVKHDURUYLVFRXVVFDOH+HUH߬௉LVWKHUHOD[DWLRQWLPHRIWKHSDUWLFOHJLYHQE\߬௉ ൌ ߩ௉כ ݀௉ଶȀ ? ?ߥி,QWKHSUHVHQWZRUNZHIL[
WKHSDUWLFOHGLDPHWHUDQGREWDLQDGHVLUHG6WRNHVQXPEHUE\YDU\LQJWKHGHQVLW\UDWLREHWZHHQWKHSDUWLFOHDQGWKHIOXLG)XUWKHUPRUH6WRNHV
QXPEHUVDFURVVDEURDGUDQJHDUHFRQVLGHUHGUDQJLQJIURPܵݐା ൎ  ?Ǥ ?UHSUHVHQWDWLYHRIJODVVSDUWLFOHVLQZDWHUWRܵݐା ൎ  ? ?UHSUHVHQWDWLYH
RIJODVVSDUWLFOHVLQDLU7KHQXPEHURISDUWLFOHVZDVFKRVHQWRHQVXUHWKDWWKHYROXPHIUDFWLRQሺȣ௉ ൌ  ? ?ିସሻLVZLWKLQWKHUHJLPHVXJJHVWHG
E\(OJKREDVKLZLWKLQZKLFKWZRZD\FRXSOLQJHIIHFWVDUHLPSRUWDQW7KHFKRLFHRISDUDPHWHUVKHUHKDYHEHHQFDUHIXOO\VHOHFWHGWR
UHSUHVHQWW\SLFDOYDOXHVLQDߜ ൌ  ?Ǥ ? ? ݉FKDQQHOIORZZKLFKLVDFRPPRQFRPSDUDWLYHV\VWHPIRUIORZVVXFKDVWKHVH)RULQVWDQFH݀௉כ ൌ ?Ǥ ? ? ?LVHTXLYDOHQWWRFRQVLGHULQJD ? ? ?ߤ ݉SDUWLFOHZKLFKDUHFRPPRQLQPDQ\SURFHVVLQJLQGXVWULHV7KHYDULDWLRQRIGLDPHWHUKDVEHHQ
VWXGLHGH[WHQVLYHO\LQUHFHQW\HDUV)HUUDQWHDQG(OJKREDVKL9UHPDQHWDOZLWK݀௉Ȁߟ௄EHLQJDVLJQLILFDQWTXDQWLW\WRGHWHUPLQH
FRXSOLQJEHKDYLRXU 7KH 5H\QROGV QXPEHU ZDV FKRVHQGXH WR LWV H[WHQVLYH FRQVLGHUDWLRQ LQSUHYLRXV VWXGLHV DV ZHOO DV EHFDXVH RI WKH
GHPRQVWUDWHGVFDOLQJRISDUWLFOHPLJUDWLRQDQGLQWHUDFWLRQPHFKDQLVPVZLWKWKLVSURSHUW\%HUQDUGLQL3DUDPHWHUVIRUHDFKVLPXODWLRQ
FRQVLGHUHGLQWKLVVWXG\DUHSUHVHQWHGLQ7DEOH
,,,5(68/76$1'',6&866,21
$ 9DOLGDWLRQRIWKHWZRZD\FRXSOLQJPHFKDQLVP
%HIRUHSUHVHQWLQJWKHUHVXOWVRIWKHVLPXODWLRQVOLVWHGLQWKHPHWKRGRORJ\DQLQLWLDOYDOLGDWLRQVLPXODWLRQZDVSHUIRUPHGDJDLQVWDSUHYLRXV
'16VWXG\SHUIRUPHGE\/HHDQG/HHLQRUGHUWRYDOLGDWHWKHLPSOHPHQWDWLRQRIWKHPHWKRG

)LJXUH9DOLGDWLRQRIWZRZD\FRXSOLQJPHFKDQLVPZLWK/HHDQG/HH&RPSDULVRQRIIOXLGPHDQVWUHDPZLVHYHORFLW\OHIW
DQGURRWPHDQVTXDUHRIYHORFLW\IOXFWXDWLRQVULJKWVDPSOHGDWݐା ൌ  ? ? ?DIWHUSDUWLFOHLQMHFWLRQ
3DUDPHWHUVVXFKDVYROXPHIUDFWLRQFKDQQHOGLPHQVLRQV LQWHJUDWLRQWLPHVWHSVDPSOLQJWLPHDQG5H\QROGVQXPEHUZHUHLGHQWLFDO
EHWZHHQWKLVYDOLGDWLRQDQGWKHFRPSDUHGVWXG\+HUHZHGHPRQVWUDWHWKHUHVXOWVREWDLQHGIURPWKHODUJHVW6WRNHVQXPEHUSDUWLFOHVSHFLHV
FRQVLGHUHGE\WKHDXWKRUVܵݐା ൌ  ? ? ?7KHILUVWDQGVHFRQGRUGHUYHORFLW\VWDWLVWLFVIRUWKHWZRZD\FRXSOHGSDUWLFOHODGHQYDOLGDWLRQIORZV
DUHFRPSDUHGLQ)LJXUH([FHOOHQWDJUHHPHQWEHWZHHQWKHSUHYLRXVO\FDUULHGRXW'16DQGWKHSUHVHQWVWXG\LVREWDLQHGZKLFKLVLQGLFDWLYH
RIWKHUHOLDELOLW\DQGUHSURGXFLELOLW\RIWKHSRLQWSDUWLFOHFRXSOLQJPHWKRGHYHQDFURVVGLIIHUHQWFRQWLQXRXVSKDVHVROYHUV
%7HPSRUDOHYROXWLRQRIWXUEXOHQFHPRGXODWLRQ
8SRQLQMHFWLRQRIDVXLWDEO\ODUJHPDVVIUDFWLRQRISDUWLFOHVDWXUEXOHQWPXOWLSKDVHIORZZLOOXQGHUJRDWUDQVLWLRQZKHUHLQWKHLQKHUHQW
VWUXFWXUHRIWKHWXUEXOHQFHZLOOEHDOWHUHGGXHWRWKHSUHVHQFHRIWKHVROLGSKDVH'XULQJWKLVWLPHRWKHUPHFKDQLVPVREVHUYHGHYHQLQRQH
ZD\ FRXSOHG IORZV VXFK DV WXUERSKRUHVLV DQGSUHIHUHQWLDO FRQFHQWUDWLRQ ZLOO DOVR EHJLQ WR WDNHSODFH ZKLFK KDV FRQVHTXHQFHV IRU WKH
PDJQLWXGHDQGQDWXUHRI WKHWZRZD\FRXSOLQJHIIHFWV7KLVPHDQVWKDW WXUEXOHQFHPRGXODWLRQLVWLPHVHQVLWLYHDQGOLNHO\GRHVQRWHYHU
UHDFKDWUXO\VWDWLVWLFDOO\VWHDG\VWDWH)XUWKHUPRUHWKHWLPHVFDOHVGXULQJZKLFKWKHPRGXODWLRQHIIHFWVRFFXUZLOOGHSHQGVWURQJO\RQWKH
6WRNHVQXPEHURIWKHLQMHFWHGSDUWLFOHVSHFLHVVLQFHWXUERSKRUHWLFGULIWLVJUHDWHVWZKHQWKHSDUWLFOHUHVSRQVHWLPHLVDURXQGWLPHVJUHDWHU
WKDQWKHEXONWLPHVFDOHEDVHGRQSUHYLRXVVWXGLHV3LFFLRWWRHWDO.XHUWHQDQG9UHPDQ6DUGLQDHWDO
,QWKLVVWXG\ZHILUVWFRQVLGHUWKHWLPHHYROXWLRQRIWKHILUVWDQGVHFRQGRUGHUWXUEXOHQFHVWDWLVWLFVJDWKHUHGRYHUHTXDOWLPHVHJPHQWV
ZLWKOHQJWKݐכ ൌ  ? ?RYHUDSHULRGRI ? ൑ ݐכ ൑  ? ? ?LQRUGHUWREHWWHUXQGHUVWDQGWKLVWUDQVLWLRQDOSKDVH1RWHWKDWWLPHݐכLVQRZPHDVXUHG
IURPWKHPRPHQWRILQMHFWLRQRISDUWLFOHVLQWRWKHVWDWLVWLFDOO\VWDWLRQDU\XQODGHQWXUEXOHQWFKDQQHOIORZ:HGLVFXVVKHUHWKHFDVHZKLFK
H[KLELWHG WKHPRVW WLPHVHQVLWLYHUHVXOWVDQGWKHVHDUHSUHVHQWHGLQ)LJXUH7KHHYROXWLRQRI WKHPHDQVWUHDPZLVHYHORFLW\GXHWRWKH
SUHVHQFHRISDUWLFOHVLVLOOXVWUDWHGLQWKHXSSHUOHIWSORW2YHUWKHFRXUVHRIWKHVLPXODWLRQWKLVTXDQWLW\LQFUHDVHVZLWKWKHJUHDWHVWHIIHFWV
H[KLELWHGDWWKHFKDQQHOFHQWUH7KHRYHUDOOWUHQGRIDQLQFUHDVLQJPHDQIOXLGYHORFLW\SURILOHZLWKWLPHKDVEHHQSUHYLRXVO\REVHUYHGLQWKH
OLWHUDWXUHIRUVSKHULFDOSDUWLFOHV/LHWDO=KDRHWDODVZHOODVIRUWKHDGGLWLRQRISRO\PHUDGGLWLYHV/XPOH\&OHDUO\
E\ݐכ ൌ  ? ? ?WKHPRGXODWLRQLVVORZLQJZLWKWKHJUHDWHVWHIIHFWVWDNLQJSODFHRYHUWKLVWLPHIUDPH6LPLODUREVHUYDWLRQVZHUHPDGHIRUWKHܵݐା ൌ  ? ?SDUWLFOHV KRZHYHU WKH LQLWLDO WUDQVLWRU\SHULRGZDVVKRUWHUDQG WKH UHGXFWLRQRI VWUHDPZLVH UPVYHORFLW\ IOXFWXDWLRQVZDV OHVV
SURQRXQFHG6DPSOHVZHUHDOVRWDNHQDWݐכ ൌ  ? ? ?IRUDOOFDVHVZKLFKH[KLELWHGYHU\LQVLJQLILFDQWFKDQJHIURPWKRVHREWDLQHGDWݐכ ൌ  ? ? ?
7KHV\VWHPDSSHDUVWRGHPRQVWUDWHWZRWLPHVFDOHVDFURVVZKLFKWKHWXUEXOHQFHPRGXODWLRQG\QDPLFVRFFXU7KHILUVWLVWKHLQLWLDOWLPHVFDOH
DVVRFLDWHGZLWK WKH LQLWLDO UHDFWLRQRI WKH IORZ WR WKH LQMHFWLRQRI WKHSDUWLFXODWHSKDVH7KHVHFRQG LVDPXFK ORQJHU WLPHVFDOHZKHUHLQ
WXUERSKRUHVLVVORZO\UHGLVWULEXWHVWKHSDUWLFOHVWRZDUGVWKHZDOOUHJLRQ

)LJXUH7LPHHYROXWLRQRIIOXLGPHDQVWUHDPZLVHYHORFLW\XSSHUOHIWURRWPHDQVTXDUHRIYHORFLW\IOXFWXDWLRQVXSSHUULJKWDQGVKHDU
VWUHVVORZHUIRUWZRZD\FRXSOHGSDUWLFOHODGHQWXUEXOHQWFKDQQHOIORZDWܵݐା ൌ  ? ?
7KHXSSHUULJKWSORWVKRZVKRZWKHSUHVHQFHRIWKHSDUWLFOHVDIIHFWVHDFKFRPSRQHQWRIWKHUPVYHORFLW\IOXFWXDWLRQVFORVHWRWKHZDOO
DWݕכ ൏  ?Ǥ ?5HPDUNDEO\DOOWKUHHFRPSRQHQWVDUHUHGXFHGDQGUHDFKWKHLUPLQLPDDWDURXQGݐכ ൌ  ? ?EHIRUHWKHWXUEXOHQFHEHJLQVWRLQFUHDVH
DJDLQ(YHQWXDOO\WKHVWUHDPZLVHFRPSRQHQWLVLQFUHDVHGFRPSDUHGWRWKDWRIWKHXQODGHQIORZLQWKHFHQWUHRIWKHFKDQQHOZLWKWKHSHDNLQ
WKHSURILOHDOVRVKLIWHGWRZDUGVWKHFHQWUH,QWKHZDOOUHJLRQKRZHYHUDQGHYHU\ZKHUHIRUWKHRIIVWUHDPZLVHFRPSRQHQWVWKHUPVYHORFLW\
IOXFWXDWLRQVDUHGDPSHQHG6LPLODUREVHUYDWLRQVFDQEHPDGH IRU WKH VKHDUVWUHVVFRPSRQHQW LQ WKH ORZHUSORWZKLFK LV LQLWLDOO\JUHDWO\
GDPSHQHGEHIRUHDJDLQLQFUHDVLQJLQPDJQLWXGH7KLVEHKDYLRXULVLQDJUHHPHQWZLWKSUHYLRXVZRUN/HHDQG/HH=KDRHWDO
'H0DUFKLVDQG0LOLFLEXWKHUHZHVKRZWKDWWKHPHDVXUHGPDJQLWXGHRIWKHWXUEXOHQFHPRGXODWLRQLVKLJKO\VHQVLWLYHZLWKWLPH
SDUWLFXODUO\ZLWKLQWKHILUVWEXONWLPHXQLWV6LQFHWKHVLPXODWLRQVSHUIRUPHGDUHFRPSXWDWLRQDOO\FRVWO\DQGWKXVOLPLWHGWRUHODWLYHO\
ORZVLPXODWLRQWLPHVWKLVLVVRPHWKLQJRILPSRUWDQFHWKDWPXVWEHFRQVLGHUHGLQDQDO\VLQJVXFKIORZV
&(IIHFWRI6WRNHVQXPEHURQWXUEXOHQFHPRGXODWLRQDQGVWUXFWXUH
7KHHIIHFWRISDUWLFOH6WRNHVQXPEHURQWKHILUVWDQGVHFRQGRUGHUIORZILHOGVWDWLVWLFVEH\RQGݐכ ൌ  ? ? ?LVSUHVHQWHGLQ)LJXUHWR)LJXUH
7KHPHDQVWUHDPZLVHYHORFLW\SURILOH)LJXUHLVWKHOHDVWDIIHFWHGSDUWLFXODUO\VRFORVHWRWKHZDOO5HFDOFXODWLRQRIWKHVKHDU5H\QROGV
QXPEHUGXHWRPRGLILFDWLRQRIWKHZDOOVKHDUVWUHVV\LHOGVQHJOLJLEOHYDULDWLRQ7KHKHDYLHVWSDUWLFOHVLQFUHDVHݑכLQWKHEXONUHJLRQሺݕכ ൐ ?Ǥ ?ሻDQGUHGXFHLWLQWKHEXIIHUOD\HU)RUWKHOLJKWHVWSDUWLFOHVDWܵݐା ൌ  ?Ǥ ?WKHUHLVYHU\OLWWOHGHYLDWLRQLQPHDQVWUHDPZLVHYHORFLW\IURP
WKDWRIWKHXQODGHQIORZ7KHUPVYHORFLW\IOXFWXDWLRQV)LJXUHVKRZDJUHDWHUUHVSRQVHWRWKHSUHVHQFHRIWKHSDUWLFOHV6SHFLILFDOO\LQHUWLDO
SDUWLFOHVZLWKܵݐା ب  ?DWWHQXDWHWKHRIIVWUHDPZLVHFRPSRQHQWVHYHU\ZKHUHLQWKHIORZDQGWKHVWUHDPZLVHFRPSRQHQWLQWKHQHDUZDOO
UHJLRQ7KHܵݐା ൌ  ?Ǥ ?SDUWLFOHVHQKDQFH WKH VWUHDPZLVHFRPSRQHQWRI WXUEXOHQFHVOLJKWO\ SDUWLFXODUO\ VRFORVH WR WKHZDOODQGQHDU WKH
FKDQQHOFHQWUH8QOLNHSUHYLRXVILQGLQJV/HHDQG/HHVXSSUHVVLRQRIWXUEXOHQFHLVQRWPRVWHIIHFWLYHDWPLGUDQJH6WRNHVQXPEHUVሺܵݐା ൎ  ? ?ሻDQGFRQWLQXHVWRVFDOHZLWK6WRNHVQXPEHUIDUEH\RQGWKLVUDQJH+RZHYHUWKHDXWKRUVFKRVHWRIL[PDVVIUDFWLRQZKHUHDVLQ
WKHSUHVHQWVWXG\ZHLVRODWHWKHHIIHFWVRIPRGLI\LQJWKLVTXDQWLW\7KLVREVHUYDWLRQVXJJHVWVWKDWWKHH[WHQWRIPRGXODWLRQVFDOHVPRUHZLWK
WKHPDVVIUDFWLRQRISDUWLFOHVWKDQLWGRHVZLWKDFRPELQDWLRQRIGHQVLW\UDWLRDQGGLDPHWHU7KHGRPLQDWLQJIDFWRUOHDGLQJWRWXUEXOHQFH
VXSSUHVVLRQLQWKHSUHVHQWVLPXODWLRQVLVWKHUHIRUHSDUWLFOHLQHUWLDUDWKHUWKDQWXUERSKRUHVLVRUSUHIHUHQWLDOFRQFHQWUDWLRQ

)LJXUH0HDQVWUHDPZLVHIOXLGYHORFLWLHVQRUPDOL]HGE\WKHEXONYHORFLW\ܷ஻IRUWZRZD\FRXSOHGSDUWLFOHODGHQFKDQQHOIORZ5LJKWSORWLVRQDORJVFDOH

)LJXUH5RRWPHDQVTXDUHRIIOXLGYHORFLW\IOXFWXDWLRQVQRUPDOL]HGE\WKHEXONYHORFLW\ܷ஻IRUWZRZD\FRXSOHGSDUWLFOHODGHQFKDQQHOIORZ5LJKWSORWLOOXVWUDWHVQHDUZDOOUHJLRQEHKDYLRXU/HJHQGIRUERWKSORWVLVVDPHDV)LJXUH
)LJXUH)OXLGVKHDUVWUHVVQRUPDOL]HGE\WKHEXONYHORFLW\ܷ஻IRUWZRZD\FRXSOHGSDUWLFOHODGHQFKDQQHOIORZ


)LJXUH4FULWHULRQLVRVXUIDFHVLQUHGRYHUOD\LQJLQVWDQWDQHRXVYHORFLW\PDJQLWXGHDWݕכ ൌ  ?Ǥ ?IRUXQODGHQIORZXSSHUOHIWܵݐା ൌ  ?Ǥ ?
XSSHUULJKWܵݐା ൌ  ? ?ORZHUOHIWDQGܵݐା ൌ  ? ?ORZHUULJKW
7KHUHDUHDYDULHW\RIPHWKRGVXVHGWRFODVVLI\FRKHUHQWWXUEXOHQWIORZVWUXFWXUHV$FRPPRQO\HPSOR\HGVXEVHWRIWKHVHDUHWKRVH
EDVHG RQ WKH YHORFLW\JUDGLHQW WHQVRU ܦ௜௝ ൌ డ௨೔డ௫ೕ 7KLV WHQVRU LV RIWHQ GHFRPSRVHG LQWR LWV V\PPHWULF UDWHRIVWUDLQ DQG DQWLV\PPHWULF
YRUWLFLW\WHQVRUFRPSRQHQWVVXFKWKDWܦ௜௝ ൌ ܵ௜௝ ൅ ȳ௜௝ZLWKܵ௜௝ ൌ ଵଶ ൬డ௨೔డ௫ೕ ൅ డ௨ೕడ௫೔൰DQGȳ௜௝ ൌ ଵଶ ൬డ௨೔డ௫ೕ െ డ௨ೕడ௫೔ ൰7KH4FULWHULRQ+XQWHWDO
UHIHUVWRFRQGLWLRQVDSSOLHGWRWKHVHFRQGLQYDULDQWܳRIWKHYHORFLW\JUDGLHQWWHQVRUZKHUHܳ ൌ ଵଶ ሺȳଶ െ ܵଶሻǤ7KLVFRQGLWLRQLVVXFKWKDWLIܳ ൐  ?LH WKHYRUWLFLW\LVJUHDWHUWKDQWKHVKHDUVWUDLQUDWHLVVDWLVILHGLQDSDUWLFXODUIOXLGFHOOWKHQWKHIOXLGHOHPHQWFRQWDLQVSDUWRID
YRUWH[


)LJXUH3UREDELOLW\GHQVLW\IXQFWLRQVRIVHFRQGIOXLGYHORFLW\GHYLDWRULFWHQVRULQYDULDQWܳLQZDOOQRUPDOFKDQQHOUHJLRQV8SSHUOHIW
EXONIORZXSSHUULJKWORJODZORZHUOHIWEXIIHUOD\HUORZHUULJKWYLVFRXVVXEOD\HU
,Q
)LJXUHZHLOOXVWUDWH WKHHIIHFWRISDUWLFOHVRQ WKH LQVWDQWDQHRXVIORZILHOGLVRVXUIDFHVRI4FULWHULRQRQ ݔ െ ݖSODQHVFORVH WRWKH
FKDQQHOZDOOሺݕכ ൌ  ?Ǥ ?ሻLQRUGHUWRGHWHUPLQHKRZWXUEXOHQFHPRGXODWLRQDIIHFWVWKHVWUXFWXUHDQGIUHTXHQF\RIYRUWLFDOUHJLRQV&RPSDULQJ
WKHXSSHUULJKWSORWሺܵݐା ൌ  ?Ǥ ?ሻWRWKHXSSHUOHIWSORWXQODGHQIORZZHREVHUYHWKDWWKHIUHTXHQF\RIFRKHUHQWWXUEXOHQWVWUXFWXUHVLQFUHDVHV
)RUWKHORZHUWZRSORWVܵݐା ൌ  ? ?DQGܵݐା ൌ  ? ?WKHSUHVHQFHRISDUWLFOHVUHGXFHVWKHQXPEHURIYRUWLFDOUHJLRQVZKLFKLVPRVWSUHYDOHQW
IRUSDUWLFOHVZLWKWKHKLJKHVWGHQVLW\UDWLR7KHVHILQGLQJVDUHFRQVLVWHQWZLWKWKRVHSUHVHQWHGLQ)LJXUHZKHUHORZGHQVLW\UDWLRSDUWLFOHV
VOLJKWO\LQFUHDVHWKHUPVYHORFLW\IOXFWXDWLRQVFORVHWRWKHZDOOZLWKWKHRSSRVLWHWUHQGWUXHIRULQHUWLDOSDUWLFOHV
,Q)LJXUHWKHSUREDELOLW\GHQVLW\IXQFWLRQ3')IRUWKHGLVWULEXWLRQRIܳLVSORWWHGIRUHDFK6WRNHVQXPEHUSDUWLFOHVDVZHOODVIRU
HDFKFODVVLFDOZDOOQRUPDOUHJLRQRIWKHWXUEXOHQWFKDQQHOIORZ1RWHWKDWWKHVHSORWVRQO\GLVSOD\WKHSHDNUHJLRQRIWKHFXUYHEXWWKHWDLOV
RIWKHGLVWULEXWLRQH[WHQGRQHLWKHUVLGH7KHVH3')VZHUHVDPSOHGXVLQJWKHIOXLGYHORFLW\IURPDOOXQLTXH*//SRLQWVZLWKLQWKHGLVFUHWL]HG
GRPDLQDWݐכ ൌ  ? ? ?ZLWKWKHVDPSOHVL]HYDU\LQJEDVHGRQFKDQQHOIORZZDOOQRUPDOUHJLRQEXWUDQJLQJEHWZHHQaDQGa
7KHZDOOQRUPDOUHJLRQGHILQLWLRQVDUHSUHVHQWHGLQ7DEOH6WDUWLQJZLWKWKHXSSHUOHIWSORWZKLFKLVWKHEXONUHJLRQWKHDGGLWLRQRISDUWLFOHV
VKRZVWKHOHDVWHIIHFWZLWKRQO\DVOLJKWZLGHQLQJRIWKHSHDNIRUWKHWUDFHUOLNHSDUWLFOHVDQGQDUURZLQJRIWKHSHDNIRUWKHLQHUWLDOSDUWLFOHV
ZKLFKVFDOHVZLWK6WRNHVQXPEHU,QWKLVFDVHDQDUURZHUSHDNLPSOLHVWKDWWKHUDWHRIVWUDLQEHFRPHVFORVHUWRWKHYRUWLFLW\DQGLQDOOFDVHV
WKHSHDNUHPDLQV WRWKH OHIWRI WKHܳ ൌ  ? OLQHZLWKQRREYLRXVLQFUHDVHV LQ WKHQXPEHURI4FULWHULRQVDWLVI\LQJUHJLRQV$V WKHZDOO LV
DSSURDFKHGWKHXSSHUULJKWSORWLQGLFDWHVPRUHUHPDUNDEOHEHKDYLRXULQWKHORJODZUHJLRQ:HREVHUYHDQDUURZLQJRIWKHSHDNLQWKHFDVH
RILQHUWLDOSDUWLFOHVLQGLFDWLQJORZHUVWUHQJWKYRUWLFHVDQGWKHܵݐା ൌ  ?Ǥ ?SDUWLFOHVSHFLHVSURGXFHDZLGHQLQJHIIHFW7KHܵݐା ൌ  ? ?SDUWLFOHV
SUHVHUYHWKHGLVWULEXWLRQRIܳZLWKLQWKLVUHJLRQ,QWKHFDVHRIWKHEXIIHUOD\HUORZHUOHIWWKHSUHVHQFHRISDUWLFOHVZLGHQVWKHGLVWULEXWLRQ
RIܳ LQDOO WKUHHFDVHVZLWK WKHPRVW LQHUWLDOSDUWLFOHVKDYLQJ WKHJUHDWHVWHIIHFWDQG WKHWZRRWKHUVSHFLHVH[KLELWLQJVLPLODUTXDOLWDWLYH
EHKDYLRXU)LQDOO\WKHORZHUULJKWSORWUHSUHVHQWVWKHHIIHFWVLQWKHYLVFRXVVXEOD\HUZKLFKVKRZVDVLPLODUSHDNZLGWKLQFUHDVHZLWKWKH
LQHUWLDOSDUWLFOHVVKRZLQJWKHJUHDWHVWHIIHFW

)LJXUHܳDQGܴWHQVRULQYDULDQWVIRULQFRPSUHVVLEOHIORZWXUEXOHQWVWUXFWXUHWRSRORJ\FODVVLILFDWLRQ6ROLGFXUYHGOLQHVUHSUHVHQWܦ ൌቀଶ଻ସ ቁ ܴଶ ൅ ܳଷ ൌ  ?5HJLRQWHUPLQRORJ\LVDIWHU&KRQJHWDO
&OHDUO\IURPWKHVHSORWVDORQHLWLVGLIILFXOWWRGLVFHUQWKHIXOOHIIHFWRQWKHVWUXFWXUHRIWXUEXOHQFH,QRUGHUWRGRVRZHDGRSWWKH
FODVVLILFDWLRQVFKHPHRI%ODFNEXUQHWDOLQZKLFKHDFKIOXLGILHOGSRLQWLVFDWHJRUL]HGDVRQHRIIRXUWXUEXOHQWVWUXFWXUHWRSRORJ\
GHILQLWLRQV7KHVHDUHXQVWDEOHIRFXVFRPSUHVVLQJVWDEOHIRFXVVWUHWFKLQJVWDEOHQRGHVDGGOHVDGGOHDQGXQVWDEOHQRGHVDGGOHVDGGOH
ZKLFKDUHLOOXVWUDWHGLQ)LJXUH+HUHܴ ൌ െݐݎሺܦ௜௝ሻLVWKHWKLUGLQYDULDQWRIWKHYHORFLW\GHYLDWRULFWHQVRU
7DEOH7XUEXOHQWFKDQQHOIORZDWܴ݁ఛ ൌ  ? ? ?ZDOOQRUPDOGLVWDQFHUHJLRQFODVVLILFDWLRQ
5HJLRQ 'LVWDQFHIURPZDOOEHJLQV 'LVWDQFHIURPZDOOHQGV
%XONIORZ  
/RJODZ  
%XIIHUOD\HU  
9LVFRXVVXEOD\HU  


)LJXUH3')VRILQYDULDQWVRIWKHYHORFLW\JUDGLHQWWHQVRU4DQG5VDPSOHGDWIOXLGQRGHVDQGSDUWLFOHSRVLWLRQVLQWKHEXONUHJLRQ
8SSHUOHIWXQODGHQIORZXSSHUULJKWܵݐା ൌ  ?Ǥ ?ORZHUOHIWܵݐା ൌ  ? ?ORZHUULJKWܵݐା ൌ  ? ?
7RSHUIRUPWKLVDQDO\VLVܳDQGܴRQIOXLGJULGSRLQWVZHUHVDPSOHGKRPRJHQHRXVO\IRUHDFKSDUWLFOHVSHFLHVDVZHOODVIRUWKHXQODGHQ
IORZLQDOOIRXUFKDQQHOIORZUHJLRQV7KHHIIHFWRISDUWLFOHVRQWKHFRPELQHG3')VRIܳDQGܴLQWKHEXONUHJLRQLVSUHVHQWHGLQ)LJXUH
7KHGLVWULEXWLRQVDUHFRPSDUDEOHLQDOOIRXUFDVHVLQGLFDWLQJYHU\OLWWOHLQIOXHQFHRIFRXSOLQJRQWKHWXUEXOHQWVWUXFWXUHVZKLFKUHVLGHFORVH
WRWKHFHQWUHRIWKHFKDQQHOIORZ3UHYLRXVVWXGLHV0RUWLPHUHWDO5RXVRQDQG(DWRQLQGLFDWHWKDWSDUWLFOHVZLWKLQWKLVUHJLRQ
H[KLELWYHU\OLWWOHSUHIHUHQWLDOFRQFHQWUDWLRQZKHQFRPSDUHGWRRWKHUUHJLRQVRIWKHIORZDQGVOLSYHORFLWLHVDUHWKHORZHVWZLWKLQWKLVUHJLRQ
VXFKWKDWWKHFRXSOLQJIRUFHDQGPRPHQWXPH[FKDQJHEHWZHHQWKHWZRSKDVHVZLOOEHOLPLWHG7KLVLVLQOLQHZLWKWKHILQGLQJVRI)LJXUH
EXWZHIXUWKHUVHHWKDWWKHVWDELOLW\RIWKHDUHDRIWKHIOXLGIL[HGSRLQWVLVEDUHO\DOWHUHG,QWKHEXONIORZUHJLRQWKH.ROPRJRURYOHQJWKVFDOH
LVODUJHVWDQGVRWKHVL]HRIWXUEXOHQFHVWUXFWXUHVLQWKHFHQWUHRIWKHFKDQQHOIORZWHQGWREHPXFKELJJHU7KLVHQWDLOVWKDWWKHFRXSOLQJ
VWUHQJWK QHFHVVDU\ WR DOWHU WKHVH VWUXFWXUHV EH JUHDWHU /RZ GHQVLW\UDWLR SDUWLFOHV SRVVHVV ORZ VOLS YHORFLWLHV LQ WKLV UHJLRQ DQG KHQFH
PRPHQWXPH[FKDQJHLVOLPLWHG)RUPRUHLQHUWLDOSDUWLFOHVZKLFKPD\KDYHLQFUHDVHGVOLSYHORFLWLHVWXUERSKRUHVLVORZHUVWKHFRQFHQWUDWLRQ
LQWKLVUHJLRQRYHUWLPH7KHFRPELQDWLRQRIWKHVHWZRHIIHFWVOLPLWVWKHDOWHUDWLRQRIVWUXFWXUHVZLWKLQWKLVUHJLRQ
7KHVDPH3')VDUHGLVSOD\HGLQ)LJXUHDQG)LJXUHWKLVWLPHIRUWKHORJODZUHJLRQDQGWKHEXIIHUOD\HUUHVSHFWLYHO\%RWKVHWV
RISORWVVKRZVLPLODUEHKDYLRXUXSRQWKHDGGLWLRQRISDUWLFOHVDQGVRZLOOEHFRQVLGHUHGWRJHWKHU&RPSDULQJILUVWO\WKHXQODGHQIORZXSSHU
OHIWZLWK WKDW ODGHQZLWKWKH WZR LQHUWLDOSDUWLFOHVSHFLHV ORZHUZHREVHUYHDJHQHUDOQDUURZLQJRIWKHGLVWULEXWLRQLQ WKH ܴGLUHFWLRQ
LQGLFDWLQJWKDWWKHIUHTXHQF\RIYRUWLFDOVWUXFWXUHVLVUHGXFHGDQGWKDWDOWKRXJKIURP)LJXUHZHREVHUYHGVLPLODUGLVWULEXWLRQVLQܳWKH
WKLUGLQYDULDQWܴLVFOHDUO\UHGXFHG7KLVPHDQVWKDWWKHVWDEOHIRFXVVWUHWFKLQJDQGXQVWDEOHIRFXVFRPSUHVVLQJW\SHVWUXFWXUHVDUHUHGXFHG
FRPSDUHGWRWKRVHZKLFKUHVLGHEHORZWKHܦ ൌ  ?OLQHWKHQRGHVDGGOHVDGGOHW\SHIL[HGSRLQWV7KHWUDFHUOLNHSDUWLFOHVH[KLELWYHU\OLWWOH
GLVFHUQLEOHHIIHFWLQWKHVHUHJLRQVDOWKRXJKZHNQRZIURP)LJXUHWKDWWKHGLVWULEXWLRQRIܳLVZLGHQHGLQERWKFDVHV

)LJXUH3')VRILQYDULDQWVRIWKHYHORFLW\JUDGLHQWWHQVRU4DQG5VDPSOHGDWIOXLGQRGHVDQGSDUWLFOHSRVLWLRQVLQWKHORJODZUHJLRQ
8SSHUOHIWXQODGHQIORZXSSHUULJKWܵݐା ൌ  ?Ǥ ?ORZHUOHIWܵݐା ൌ  ? ?ORZHUULJKWܵݐା ൌ  ? ?
7KHPRVWLQWHUHVWLQJPRGLILFDWLRQVWRWKHWXUEXOHQWVWUXFWXUHVGXHWRWKHSUHVHQFHRISDUWLFOHVRFFXULQWKHYLVFRXVVXEOD\HU&RPSDULQJ
WKHSORWVLQ)LJXUHDQLQLWLDOREVHUYDWLRQLVWKDWLQDOOWKUHHSDUWLFOHFDVHVWKHDGGLWLRQRISDUWLFOHVLQFUHDVHVWKHRFFXUUHQFHRIYRUWLFDO
VWUXFWXUHV LQ WKLV UHJLRQ ,QSDUWLFXODU WKH WUDFHUOLNHSDUWLFOHV LQFUHDVH WKHIUHTXHQF\RIYRUWLFDO UHJLRQVZLWK LQFUHDVHG ܴ XSSHU ULJKW
ZKHUHDVERWKLQHUWLDOSDUWLFOHVHWVLQFUHDVHWKHIUHTXHQF\RIYRUWLFHVLQWKLVUHJLRQZLWKLQFUHDVHGܳ)RUܵݐା ൌ  ? ?WKHSDUWLFOHVLQFUHDVHWKH
IUHTXHQF\RIVWDEOHIRFXVVWUHWFKLQJUHJLRQVPRUHVRWKDQWKHXQVWDEOHIRFXVFRPSUHVVLQJUHJLRQV%\ܵݐା ൌ  ? ?WKHVHYRUWH[VWUHWFKLQJ
UHJLRQVDUHOHVVIUHTXHQWDQGWKHGLVWULEXWLRQEHJLQVWRQDUURZDJDLQLQܴ)URPDWRSRORJLFDOSHUVSHFWLYHWKHVWUHWFKLQJLQ4FRUUHVSRQGVWR
WKHORFDOIORZEHFRPLQJPRUHWZRGLPHQVLRQDO$WWKHVHLQFUHDVHG6WRNHVQXPEHUVWKHWXUEXOHQFHGDPSLQJGXHWRSDUWLFOHIOXLGLQWHUDFWLRQ
ZKLFKRFFXUVLQWKLVUHJLRQPD\DOVREHUHVSRQVLEOHIRUWKHDWWHQXDWLRQLQWKHDERYHOD\HUVZKHUHWKHFRQFHQWUDWLRQLVORZHUEXWZHVWLOOVHH
VLJQLILFDQWUHGXFWLRQ7KHVHSORWVLQGLFDWHWKDWWKH36,&PHWKRGLVFDSDEOHRIDOWHULQJQDWXUHRIWKHYHORFLW\JUDGLHQWWHQVRUDQGKHQFHWKH
VWUXFWXUHRIWXUEXOHQFHLQWKHQHDUZDOOUHJLRQV6LQFHWKHSDUWLFOHVFRQVLGHUHGLQWKLVVWXG\DUHVPDOOHUWKDQERWKWKH*//VSDFLQJDQGWKH
.ROPRJRURYOHQJWKVFDOHWKHIRUFHGLVWULEXWLRQRYHUHYHQWKHVPDOOHVWHGGLHVZLOOEHUHVROYHG
)LJXUH3')VRILQYDULDQWVRIWKHYHORFLW\JUDGLHQWWHQVRU4DQG5VDPSOHGDWIOXLGQRGHVDQGSDUWLFOHSRVLWLRQVLQWKHEXIIHUOD\HU
8SSHUOHIWXQODGHQIORZXSSHUULJKWܵݐା ൌ  ?Ǥ ?ORZHUOHIWܵݐା ൌ  ? ?ORZHUULJKWܵݐା ൌ  ? ?
&(IIHFWRI6WRNHVQXPEHURQSDUWLFOHGLVSHUVLYHDQGLQWHUDFWLRQEHKDYLRXU
,QWKHSUHYLRXVVXEVHFWLRQZHREVHUYHGWKDWWKHSUHVHQFHRISDUWLFOHVPRGLILHVWKHLQKHUHQWVWUXFWXUHRIWXUEXOHQFHPRVWVLJQLILFDQWO\LQWKUHH
ZDOOQRUPDO UHJLRQVRI WKH FKDQQHO IORZ DOWKRXJKREVHUYDWLRQRI VLPSOH DWWHQXDWLRQRU HQKDQFHPHQW RI WKH VHFRQGRUGHU IOXLGYHORFLW\
VWDWLVWLFVGRHVQRW WHOO WKHIXOOVWRU\7KHPHFKDQLVPVE\ZKLFKYRUWLFDO UHJLRQVDUHPRGLILHGE\SDUWLFOHVKDYHEHHQVWXGLHG LQ LVRWURSLF
WXUEXOHQFH)HUUDQWHDQG(OJKREDVKLEDVHGRQSDUWLFOHGLDPHWHUEXWPHFKDQLVPVEDVHGRQSDUWLFOHLQHUWLDDVZHOODVIRUVKHDUIORZV
VXFKDVLQFKDQQHOVDUHQRW\HWIXOO\XQGHUVWRRG,QWKLVVHFWLRQWKHGLVSHUVLYHDQGLQWHUDFWLRQEHKDYLRXURIHDFKSDUWLFOHVSHFLHVZLOOEH
FRQVLGHUHGDQGUHODWHGEDFNWRWKHREVHUYDWLRQVPDGHLQWKHSUHYLRXVVXEVHFWLRQVXUURXQGLQJWKHPRGLILFDWLRQRIFRKHUHQWWXUEXOHQWVWUXFWXUHV
,QZDOOERXQGHGIORZVLWLVNQRZQWKDWLQHUWLDOSDUWLFOHVZLOOLQWHUDFWZLWKTXDVLVWUHDPZLVHYRUWLFHVFORVHWRWKHVROLGERXQGDULHVDQG
SUHIHUHQWLDOO\DFFXPXODWHZLWKLQWKHQHDUZDOOUHJLRQV%URRNHHWDO:HGHWHUPLQHWKHH[WHQWRIWKLVIRUWKHSUHVHQWIORZLQ)LJXUH
ZKLFKLOOXVWUDWHVWKHFRQFHQWUDWLRQSURILOHVIRUHDFKVSHFLHVRISDUWLFOHVDPSOHGDWݐכ ൌ  ? ? ?7KHWUDFHUOLNHSDUWLFOHVE\WKLVWLPHVWLOO
H[KLELWDUHODWLYHO\KRPRJHQHRXVFRQFHQWUDWLRQSURILOHVLQFHWKHGHJUHHRIWXUERSKRUHVLVLVYHU\ZHDNDVWKHSDUWLFOHV¶LQHUWLDLVORZ$VWKH
6WRNHVQXPEHUDSSURDFKHVFORVHUWRWKHFULWLFDOSRLQWDWZKLFKWXUERSKRUHVLVLVPD[LPL]HGLHܵݐା ൎ  ? ?(DWRQDQG)HVVOHU:LQNOHU
HWDO5RXVRQDQG(DWRQWKHFRQFHQWUDWLRQSURILOHSHDNVDWWKHZDOO)RUWKHPRVWLQHUWLDOSDUWLFOHVWKLVFRQFHQWUDWLRQSHDNLV
UHGXFHG1RWH WKDW WKHUHH[LVWVD VHFRQGDU\SHDNDW WKHFKDQQHOFHQWUH IRU WKH LQHUWLDOSDUWLFOHV VLQFH WKLV LVDOVRDPLQLPDRI WKHPHDQ
WXUEXOHQFHNLQHWLFHQHUJ\
)LJXUH3')VRILQYDULDQWVRIWKHYHORFLW\JUDGLHQWWHQVRU4DQG5VDPSOHGDWIOXLGQRGHVDQGSDUWLFOHSRVLWLRQVLQWKHYLVFRXVVXEOD\HU
8SSHUOHIWXQODGHQIORZXSSHUULJKWܵݐା ൌ  ?Ǥ ?ORZHUOHIWܵݐା ൌ  ? ?ORZHUULJKWܵݐା ൌ  ? ?

)LJXUH(IIHFWRI6WRNHVQXPEHURQSDUWLFOHFRQFHQWUDWLRQSURILOHVUHODWLYHWRWKHLQLWLDOLQMHFWHGFRQFHQWUDWLRQVDPSOHGDWݐכ ൌ  ? ? ?
5LJKWJUDSKLVSORWWHGRQDORJVFDOH


)LJXUH9RURQRLDQDO\VLVRISDUWLFOHSRVLWLRQVLQWKHYLVFRXVVXEOD\HU6L]HRIFHOOLVLQYHUVHO\SURSRUWLRQDOWRORFDOFRQFHQWUDWLRQFRORXU
VFDOHUHSUHVHQWVSDUWLFOHVWUHDPZLVHYHORFLW\GDUNFRORXUVUHSUHVHQWKLJKYHORFLWLHV8SSHUܵݐା ൌ  ?Ǥ ?FHQWUHܵݐା ൌ  ? ?ORZHUܵݐା ൌ ? ?
7RGHWHUPLQH WKHGLVWULEXWLRQRISDUWLFOHV LQ WKHQHDUZDOO UHJLRQ DQG WR IXUWKHU LGHQWLI\ WKHYDULDWLRQRI WKHQDWXUHRI WXUEXOHQFH
VWUXFWXUHVFORVHWRWKHZDOOD9RURQRLDQDO\VLVKDVEHHQSHUIRUPHGRQSDUWLFOHሺݔǡ ݖሻFRRUGLQDWHVZLWKLQ LQ WKHYLVFRXVVXEOD\HU7KLV LV
SUHVHQWHGLQ)LJXUHZLWKWKHFRORXUUHSUHVHQWLQJWKHVWUHDPZLVHYHORFLW\PDJQLWXGH,QOLQHZLWK)LJXUHWKHܵݐା ൌ  ?Ǥ ?SDUWLFOHVH[KLELW
WKHORZHVWFRQFHQWUDWLRQLQGLFDWHGE\WKHFRPSDUDWLYHO\ODUJHFHOOV)XUWKHUPRUHWKHVWUHDPZLVHYHORFLW\RIWKHVHSDUWLFOHVLVORZVKRZLQJ
YHU\ OLWWOH LQGLFDWLRQ RI FOXVWHULQJ RU FRQJUHJDWLRQ LQ ORZ VSHHG VWUHDNV $V WKH 6WRNHV QXPEHU LV LQFUHDVHG WR ܵݐା ൌ  ? ? WKH SDUWLFOH
FRQFHQWUDWLRQLVPXFKJUHDWHU+HUHZHREVHUYHKRZHYHUWKDWWKHUHJLRQVRIKLJKHVWSDUWLFOHGHQVLW\LQGLFDWHSDUWLFOHVPRYLQJZLWKYHU\ORZ
VSHHGVZKHUHDVWKHORZGHQVLW\UHJLRQVFRQWDLQSDUWLFOHVZLWKKLJKVWUHDPZLVHYHORFLWLHV7KHVDPHEHKDYLRXULVREVHUYHGDW ܵݐା ൌ  ? ?
DOWKRXJK WKH UHJLRQVRI ORZFRQFHQWUDWLRQ DUH ODUJHU LPSO\LQJDQRYHUDOO ORZHU FRQFHQWUDWLRQ WKDQ IRU WKHPLGUDQJH SDUWLFOH VSHFLHV LQ
DJUHHPHQWZLWK)LJXUH
)LJXUH0HDQSDUWLFOHVWUHDPZLVHYHORFLW\OHIWDQGURRWPHDQVTXDUHRISDUWLFOHYHORFLW\IOXFWXDWLRQVULJKWIRUWZRZD\FRXSOHG
SDUWLFOHODGHQFKDQQHOIORZDWܴ݁ఛ ൌ  ? ? ?5HGݑᇱ௥௠௦כ EOXHݒᇱ௥௠௦כ JUHHQݓᇱ௥௠௦כ 
7KHILUVWDQGVHFRQGRUGHUSDUWLFOHYHORFLW\VWDWLVWLFVDUHSUHVHQWHGIRUHDFK6WRNHVQXPEHULQ)LJXUH)URPWKHOHIWSORWPHDQ
VWUHDPZLVHYHORFLW\ZHREVHUYHWKUHHUHJLRQVRILQWHUHVW%HWZHHQWKHZDOOERXQGDU\DQGH[WHQGLQJLQWRWKHORJODZUHJLRQ WKHSDUWLFOH
PHDQVWUHDPZLVHYHORFLW\LQFUHDVHVZLWK6WRNHVQXPEHUOLNHO\DVDUHVXOWRISDUWLFOHVHQWHULQJWKHVHUHJLRQVWKURXJKVZHHSVZLWKUHWDLQHG
LQFUHDVHGVSHHGVIURPWKHRXWHUOD\HU0RUWLPHUHWDO$VDUHVXOWSDUWLFOHPHDQVWUHDPZLVHYHORFLWLHVDUHUHGXFHGLQWKHUHJLRQV
ZKHUHWXUERSKRUHVLVPLJUDWHVSDUWLFOHVWRZDUGVWKHZDOODVSDUWLFOHVZLWKKLJKYHORFLWLHVSUHIHUHQWLDOO\WUDYHOWRZDUGVWKHQHDUZDOOUHJLRQV
DQGDFFXPXODWHLQORZVSHHGVWUHDNV3LFFLRWWRHWDO,QWKHFRUHRIWKHFKDQQHOWKHSDUWLFOHVWUHDPZLVHYHORFLW\RQFHDJDLQFRUUHODWHV
ZLWK6WRNHVQXPEHU,QWKLVUHJLRQHYHQWKHPRVWLQHUWLDOSDUWLFOHVKDYHHQRXJKWLPHWRDWWDLQWKHIOXLGYHORFLW\DQGH[FHHGLWOLNHO\GXHWR
WKHGUDJUHGXFWLRQPHFKDQLVPSURYLGLQJWKHPRUHGHQVHSDUWLFOHVDPHDQVWRRYHUWDNHWKHPHDQVSHHGRIWKHXQODGHQIORZ7KHUPVSDUWLFOH
YHORFLW\ IOXFWXDWLRQVDOVRLQGLFDWH VLPLODUEHKDYLRXU7KHVWUHDPZLVHSURILOHH[KLELWVFRPSDUDEOHEHKDYLRXU WR WKDWREVHUYHG LQRQHZD\
FRXSOHGIORZVDWLQFUHDVHGSDUWLFOHLQHUWLDV3RUWHODHWDOYDQ:DFKHPHWDO0RUWLPHUHWDOZKHUHLQWKHVWUHDPZLVH
FRPSRQHQWLQFUHDVHVLQWKHYLVFRXVVXEOD\HU,QJHQHUDOWKHUPVYHORFLW\IOXFWXDWLRQVDUHLQFUHDVHGLQWKHVWUHDPZLVHGLUHFWLRQDQGVXSSUHVVHG
LQWKHRIIVWUHDPGLUHFWLRQVWKLVHIIHFWVFDOLQJZLWKSDUWLFOHGHQVLW\UDWLR7KHVHUHVXOWVKDYHFRQVHTXHQFHVIRUWKHFRXSOLQJWHUPVLQFHWKH
GRPLQDQWIRUFHLQDOOWKHVHVLPXODWLRQVLVGUDJZKLFKLVGLUHFWO\SURSRUWLRQDOWRWKHPDJQLWXGHDQGGLUHFWLRQRIWKHSDUWLFOHVOLSYHORFLW\,I
WKHSDUWLFOHYHORFLWLHVIOXFWXDWHPRUHDQLVRWURSLFDOO\FRPSDUHGWRWKRVHRIWKHIOXLG WKHFRXSOLQJWHUPZLOOEHELDVHGWRZDUGVVWUHDPZLVH
RULHQWDWHGIRUFLQJWKHH[WHQWRIZKLFKLVEDVHGRQWKHSDUWLFOHGHQVLW\UDWLRRU6WRNHVQXPEHU
  
)LJXUH(IIHFWRI6WRNHVQXPEHURQSUREDELOLW\GHQVLW\IXQFWLRQVRISDUWLFOHVWUHDPZLVHYHORFLW\LQZDOOQRUPDOFKDQQHOUHJLRQV

)LJXUH(IIHFWRI6WRNHVQXPEHURQSUREDELOLW\GHQVLW\IXQFWLRQVRISDUWLFOHVOLSYHORFLW\LQZDOOQRUPDOFKDQQHOUHJLRQV8SSHUOHIW
EXONIORZXSSHUULJKWORJODZORZHUOHIWEXIIHUOD\HUORZHUULJKWYLVFRXVVXEOD\HU
7RIXUWKHU LQYHVWLJDWHWKLVDQG WR UHODWHEDFN WR WKHZD\ LQZKLFKFRKHUHQW WXUEXOHQWVWUXFWXUHVZHUHREVHUYHG WREHDOWHUHG LQ WKH
SUHYLRXVVXEVHFWLRQWKHUDQJHRIVWUHDPZLVHYHORFLWLHVLQHDFKZDOOQRUPDOUHJLRQRIWKHFKDQQHOIORZLVSUHVHQWHGLQ)LJXUH6WDUWLQJ
ZLWK WKHYLVFRXV VXEOD\HUZHREVHUYH WKDW DV WKH6WRNHVQXPEHU LV LQFUHDVHG WKH UDQJHRI VWUHDPZLVHYHORFLWLHVSUHVHQW LQ WKDW UHJLRQ
LQFUHDVHVVLJQLILFDQWO\KHQFHLWLVOLNHO\WKDWWKHFRXSOLQJLQWKHYLVFRXVVXEOD\HUZLOOEHVWURQJ,QWKHEXIIHUOD\HUWKHWZRLQHUWLDOSDUWLFOHV
VHWVH[KLELWVLPLODUSURILOHVZLWKWKHWUDFHUOLNHSDUWLFOHVGHPRQVWUDWLQJVNHZLQJWRZDUGVLQFUHDVHGVWUHDPZLVHYHORFLWLHV7KLVPD\H[SODLQ
ZK\LQ)LJXUHDQG)LJXUHERWKEXIIHUOD\HUSURILOHVH[KLELWHGVLPLODUPRGLILFDWLRQIURPWKRVHUHSUHVHQWLQJWKHXQODGHQIORZ7KHORZ
6WRNHVQXPEHUSDUWLFOHVVKRZYHU\OLWWOHWHQGHQF\WRDFFXPXODWHLQORZVSHHGVWUHDNVZLWKLQWKLVUHJLRQDQGVRFDQUHWDLQWKHLULQFUHDVHG
YHORFLW\,WVKRXOGDOVREHPHQWLRQHGWKDWWKHGLVWULEXWLRQUDQJHDFURVVDOO6WRNHVQXPEHUVFRQVLGHUHGLVYHU\VLPLODU$VWKHEXONUHJLRQRI
WKHFKDQQHOLVDSSURDFKHGWKHVWUHDPZLVHYHORFLW\GLVWULEXWLRQVLQDOOFDVHVDUHFRPSDUDEOHZLWKDVOLJKWVNHZLQJWRZDUGVLQFUHDVHGYHORFLWLHV
IRUPRUHLQHUWLDOSDUWLFOHVLQDJUHHPHQWZLWKWKHUHVXOWVRI)LJXUH
7KHGLVWULEXWLRQRIVOLSYHORFLWLHVSUHVHQWLQHDFKZDOOQRUPDOUHJLRQLVSUHVHQWHGLQ)LJXUH7KHJHQHUDOWUHQGZLWK6WRNHVQXPEHU
SHUVLVWVWKURXJKRXWDOOUHJLRQVRIWKHFKDQQHOZKHUHLQWKHGHQVLW\UDWLRODUJHO\GHWHUPLQHVWKHPD[LPXPVOLSYHORFLW\DVZHOODVWKHVSUHDG
ZLWKWKHPRVWLQHUWLDOSDUWLFOHVSRVVHVVLQJWKHZLGHVWUDQJHRIVOLSYHORFLWLHV,WLVDOVRHYLGHQWWKDWWKHODUJHVWVOLSYHORFLW\VSUHDGVDUHIRXQG
LQWKHEXIIHUOD\HUDQGWKHYLVFRXVVXEOD\HUVXJJHVWLQJWKDWWKHVHSDUWLFOHVDUHWKHPRVWGHFRUUHODWHGIURPWKHORFDOIORZILHOG7KLVREVHUYDWLRQ
LVLQDJUHHPHQWZLWKWKHPRVWQRWDEOHPRGLILFDWLRQVWRFRKHUHQWWXUEXOHQWVWUXFWXUHVREVHUYHGLQ)LJXUH


)LJXUH(IIHFWRI6WRNHVQXPEHURQSDUWLFOHIHHGEDFNIRUFHOHIWܳFHQWUHDQGܴULJKW8SSHUܵݐା ൌ  ?Ǥ ?FHQWUHܵݐା ൌ  ? ?ORZHUܵݐା ൌ  ? ?6OLFHVWDNHQLQݔכ െ ݖכSODQHDWݕכ ൌ  ?Ǥ ?
7KH UDQJHRI VOLSYHORFLWLHV DV DQ LQGLFDWRURI WKH H[WHQWRI FRXSOLQJSURYHV WREH D VXLWDEOHSDUDPHWHU IRUJDXJLQJ WKHGHJUHH RI
WXUEXOHQFHPRGXODWLRQ7KHILQDOSDUWRIWKHDQDO\VLVVKDOOIRFXVRQKRZWKHIHHGEDFNIRUFHLVGLVWULEXWHGLQWKHEXIIHUOD\HUZKHUHLQWKH
VWURQJHVWVOLSYHORFLWLHVZHUHUHFRUGHGLQDQHIIRUWWRXQGHUVWDQGWKHPHFKDQLVPVVXUURXQGLQJKRZWKHWXUEXOHQWVWUXFWXUHVDUHPRGLILHGE\
WKHSUHVHQFHRIWKHSDUWLFOHV7KHSDUWLFOHIHHGEDFNIRUFHLVSUHVHQWHGDORQJZLWKWKHFRUUHVSRQGLQJ4DQG5YDOXHVLQSVHXGRFRORXUFRQWRXU
SORWVLQ)LJXUH,QDOOWKUHHFDVHVLWLVHYLGHQWWKDWWKH36,&IHHGEDFNILHOGLVFRQWLQXRXVDQGVPRRWK7KLVLVEHFDXVHIRUWKHWZRLQHUWLDO
SDUWLFOHVSHFLHVFRQVLGHUHG WKHFRQFHQWUDWLRQVLQWKHUHJLRQVZKHUHWKHFRXSOLQJLVPRVWSURPLQHQW LVVXIILFLHQWO\KLJK)XUWKHUPRUH WKH
SUHVHQWVWXG\HPSOR\VDVSHFWUDOHOHPHQWPHWKRGDSSURDFKWRWKHFRQWLQXRXVSKDVHZKLFKLVIXQFWLRQEDVHGDFURVVDQLQGLYLGXDOHOHPHQW
UDWKHU WKDQFHOOEDVHG+HQFH WKHIOXLGVROYHUDSSOLHV WR WKHVRXUFHWHUPWKHORFDOHOHPHQWGLVWULEXWLRQRISDUWLFOH IRUFHVRQHDFK*DXVV
/REDWWR/HJHQGUHSRLQWEHIRUHREWDLQLQJDIXQFWLRQEDVHGVROXWLRQDFURVVWKHHQWLUHHOHPHQW7KLVPHDQVWKDWWKHSUHVHQWPHWKRGKDVOHVV
GHPDQGLQJUHTXLUHPHQWVRQWKHQDWXUHRIWKHIRUFLQJILHOGXQOLNHORZHURUGHUPHWKRGVZKLFKXVHRQO\DIHZQHLJKERXULQJSRLQWVWRWLPH
HYROYHHDFKQRGH)URP)LJXUHZHPD\DOVRLQIHUWKHSDUWLFOHVL]H݀௉כ ൌ  ?Ǥ ? ? ?ሻFRPSDUHGWKHDVVRFLDWHGOHQJWKVFDOHVRIWXUEXOHQFH
VWUXFWXUHVZKLFKSRVVHVVDW\SLFDOZLGWKRIDURXQG ?Ǥ ?ߜ+HQFHWKHSDUWLFOHVL]HLVRQWKHRUGHURIRIWKHFRKHUHQWWXUEXOHQWVWUXFWXUH
ZKLFKLVVXIILFLHQWO\VPDOOWRUHVROYHDVPRRWKWUDMHFWRU\DQGKHQFHIRUFHGLVWULEXWLRQDFURVVWKHVFDOHVRIWKHVWUXFWXUH
7KHWRSURZUHSUHVHQWVWKHWUDFHUOLNHሺܵݐା ൌ  ?Ǥ ?ሻSDUWLFOHVZKLFKLQVWDQWDQHRXVO\H[KLELWFRPSDUDWLYHO\ORZHUFRXSOLQJEHWZHHQWKH
SKDVHV,QWKHPLGGOHSORWLQGLFDWLQJܳORQJVWUHDNVLQRUDQJHUHGUHSUHVHQWVOLFHVWKURXJKWKHFRUHVRITXDVLVWUHDPZLVHYRUWLFHVDQGWKHUH
DSSHDUVWREHDWUHQGLQZKLFKWKHIRUFLQJLVVWURQJHVWVXUURXQGLQJWKHVHVWUXFWXUHV7KHORZEXWQRQQHJOLJLEOHVOLSYHORFLW\SUHVHQWDURXQG
WKHVHVWUXFWXUHVFOHDUO\LQIOXHQFHVWKHVXUURXQGLQJIOXLGIORZILHOG6SHFLILFDOO\WKHVWURQJHVWFRXSOLQJDSSHDUVWREHLQWKHHMHFWLRQUHJLRQRI
WKHYRUWLFHVEHWZHHQWKHKLJKܳDUHDVZKHUHLQSDUWLFOHVDUHOLNHO\WRODJWKHIOXLGIORZ7KLVSURGXFHVODUJHIRUFHVRQORZVSHHGVWUHDNVORFDWHG
EHWZHHQWKHWZRVWUXFWXUHVZKLFKKDVSUHYLRXVO\EHHQVXJJHVWHGWRFDXVHLQVWDELOLWLHVOHDGLQJWRWKHJHQHUDWLRQRIPRUHTXDVLVWUHDPZLVH
YRUWLFHV-LPpQH]DQG3LQHOOL7KLVLQIOXHQFHKHOSVWRH[SODLQWKHIUHTXHQF\RILQFUHDVHGܳUHJLRQVDVREVHUYHGLQ
)LJXUHDQG)LJXUH7KHPLGUDQJHSDUWLFOHVFHQWUHDOVRH[KLELWWKHVDPHLQFUHDVHGIHHGEDFNIRUFHVLQEHWZHHQWKH4FULWHULRQ
VDWLVI\LQJUHJLRQV3UHYLRXVZRUN/HHDQG/HHVXJJHVWVWKDWSDUWLFOHVHQWHULQJWKHVHUHJLRQVZKLFKH[SHULHQFHODUJHGHFHOHUDWLRQGXH
WRWKHKLJKVOLSYHORFLW\DFFHOHUDWHWKHIOXLGLQWKHORZVSHHGVWUHDNVWKHUHE\VXSSUHVVLQJWKHJHQHUDWLRQRITXDVLVWUHDPZLVHYRUWLFHVOHDGLQJ
WREHLQJIHZHUSUHVHQWLQWKHIORZ9HU\ODUJHSDUWLFOHIHHGEDFNFDQEHREVHUYHGLQWKRVHUHJLRQVLQ)LJXUHOHQGLQJWRWKHFUHGLELOLW\RI
WKLVH[SODQDWLRQ)LQDOO\DWܵݐା ൌ  ? ?SDUWLFOHIOXLGFRXSOLQJLQWKHEXIIHUOD\HULVVXIILFLHQWO\VWURQJWKDWERWKLQFUHDVHGܳDQGܴUHJLRQV
DUHYHU\LQIUHTXHQW,QWKLVFDVHWKHOHYHORIWXUEXOHQFHVXSSUHVVLRQLVLQFUHDVHGEHFDXVHGHVSLWHH[KLELWLQJOHVVWHQGHQF\WREHFRPHWUDSSHG
LQWKHVHUHJLRQVSDUWLFOHVPLJUDWLQJWKURXJKORZVSHHGVWUHDNVH[HUWHYHQJUHDWHUDFFHOHUDWLRQRQWKHIOXLG
,9&21&/86,216$1'287/22.
7KLVVWXG\KDVFRQVLGHUHG WKHHIIHFWRI6WRNHVQXPEHUDGMXVWHG WKURXJK WKHSDUWLFOHIOXLGGHQVLW\ UDWLRRQ WKHPRGLILFDWLRQRIFRKHUHQW
WXUEXOHQWVWUXFWXUHVZLWKLQDSDUWLFOHODGHQFKDQQHOIORZDWܴ݁ఛ ൌ  ? ? ?7RSHUIRUPVXFKGLUHFWQXPHULFDOVLPXODWLRQDQG/DJUDQJLDQSDUWLFOH
WUDFNLQJZHUHSHUIRUPHGWRSUHGLFWWKHWUDMHFWRULHVDQGWZRZD\SDUWLFOHIOXLGLQWHUDFWLRQVIRUWKUHHSDUWLFOH6WRNHVQXPEHUVܵݐା ൌ  ?Ǥ ?ǡ  ? ?
DQG ? ?7UDQVLWLRQRIWKHWXUEXOHQFHILHOGXSRQLQMHFWLRQRISDUWLFOHVZDVPRQLWRUHGDQGDQLQLWLDOPLQLPDLQWKHIOXLGYHORFLW\IOXFWXDWLRQV
ZLWKLQWKHILUVWݐכ ൏  ? ?ZDVREVHUYHGGXHWRWKHUHVSRQVHRIWKHFRXSOLQJWHUPDVWKHV\VWHPDGMXVWHGWRWKHSUHVHQFHRISDUWLFOHV7KLVHIIHFW
LVRIWHQXQUHSRUWHGLQSUHYLRXVZRUNDQGPDNHVFRPSDULVRQVZLWKVLPLODUVWXGLHVGLIILFXOWDVVLPXODWLRQVRIWKLVNLQGDUHRIWHQUHVWULFWHGWR
VKRUWUXQWLPHV7KHLQFOXVLRQRIWKHWZRZD\FRXSOLQJPHFKDQLVPLPSDUWVVLJQLILFDQWGLIIHUHQFHVWRWKHWXUEXOHQFHILHOGZKHQFRPSDUHGWR
WKHXQODGHQRURQHZD\FRXSOHGIORZ$QDO\VLVRIWKH(XOHULDQVWDWLVWLFVVKRZHGPLQRUWXUEXOHQFHHQKDQFHPHQWIRUWKHWUDFHUOLNHSDUWLFOHV
DQGWXUEXOHQFHVXSSUHVVLRQIRUWKHSDUWLFOHVZLWKLQFUHDVHGGHQVLW\UDWLRV)XUWKHUPRUHE\FRQVLGHULQJܳFULWHULRQLVRVXUIDFHVWKHIUHTXHQF\
RITXDVLVWUHDPZLVHYRUWLFHVFORVH WR WKHZDOOZDV LQFUHDVHGE\ WKH WUDFHUOLNHSDUWLFOHVDQG UHGXFHGE\ WKH LQHUWLDOSDUWLFOHV2XU UHVXOWV
LQGLFDWHLQFUHDVHGFRXSOLQJIRUFHVLQWKHUHJLRQVVXUURXQGLQJWKHVHVWUXFWXUHV
7KHVWUXFWXUHRIWXUEXOHQFHLQWKHSUHVHQFHRISDUWLFOHVZDVDOVRVKRZQWRYDU\GHSHQGLQJRQZDOOGLVWDQFH6LPLODUPRGLILFDWLRQVWR
WKHGLVWULEXWLRQRIܳZHUHREVHUYHGLQWKHORJODZUHJLRQZLWKܵݐା ൌ  ? ?SDUWLFOHVH[KLELWLQJYHU\OLWWOHLQIOXHQFHRQWKHGLVWULEXWLRQRIܳ
%RWKV\VWHPVKDYHVLPLODUVWUHDPZLVHURRWPHDQVTXDUHYHORFLW\IOXFWXDWLRQVDQGWKHH[WHQWRISDUWLFOHIOXLGFRXSOLQJHIIHFWVFRUUHODWHVZLWK
WKLVSURSHUW\,QYDULDQWVRIWKHYHORFLW\JUDGLHQWWHQVRUܳDQGܴLQGLFDWHGWKHJUHDWHVWPRGLILFDWLRQRIFRKHUHQWWXUEXOHQWVWUXFWXUHVWREHLQ
WKHEXIIHUOD\HUDQGYLVFRXVVXEOD\HU,QERWKUHJLRQVWKHSUHVHQFHRIܵݐା ൌ  ?Ǥ ?SDUWLFOHVZLGHQHGWKHGLVWULEXWLRQRIܴZLWKWKHLQHUWLDO
SDUWLFOHVFDXVLQJWKHGLVWULEXWLRQRIܴWREHFRPHQDUURZHUPHDQLQJWKDWWKHGLVWULEXWLRQZDVZHLJKWHGPRUHWRZDUGVVDGGOHSRLQWUHJLRQV
UHGXFLQJWKHDPRXQWRIXQVWDEOHIRFXVFRPSUHVVLQJUHJLRQVDQGVWDEOHIRFXVVWUHWFKLQJUHJLRQVZKLFKDFFRXQWIRUWKHTXDVLVWUHDPZLVH
YRUWLFHV REVHUYHG LQ WKHVH W\SHV RI IORZ ,QHUWLDO SDUWLFOHV LQ WKH YLVFRXV VXEOD\HU DOVR FDXVH D QDUURZLQJ RI WKH 45 MRLQW SUREDELOLW\
GLVWULEXWLRQIXQFWLRQ LQ WKH5GLUHFWLRQDQREVHUYDWLRQZKLFK LVPLVVHGE\VROHO\FRQVLGHULQJ WKH4FULWHULRQDVPDQ\SDSHUVDGRSW7KH
LPSOLFDWLRQVRIDUHGXFWLRQLQWKHVSUHDGRI5LVWKDWWKHORFDOIORZILHOGEHFRPHVPRUHWZRGLPHQVLRQDODQGODPLQDU
7KHLQHUWLDOSDUWLFOHVH[KLELWHGVXEVWDQWLDOWXUERSKRUHVLVRYHUWKHWLPHVLPXODWHGZLWKWKHPRVWPLJUDWLRQWRZDUGVWKHZDOOREVHUYHG
IRU WKHܵݐା ൌ  ? ?SDUWLFOHVZKLFKZHUHDOVRREVHUYHG WRSUHIHUHQWLDOO\FRQFHQWUDWH LQ ORZ VSHHGVWUHDNV ,W LVDOVRGHPRQVWUDWHG WKDW WKH
SDUWLFOHV VXUURXQGLQJ WKHVH VWUHDNV KDYH D ZLGH UDQJH RI YHORFLWLHV ZKLFK KDV FRQVHTXHQFHV IRU WKH FRXSOLQJ ILHOG VXUURXQGLQJ WKH
TXDVLVWUHDPZLVHYRUWLFHVZKLFKVXUURXQGWKHORZVSHHGUHJLRQ3DUWLFOHURRWPHDQVTXDUHYHORFLW\IOXFWXDWLRQVLQFUHDVHZLWK6WRNHVQXPEHU
LQWKHVWUHDPZLVHGLUHFWLRQZLWKWKHRSSRVLWHWUHQGWUXHIRUWKHRIIVWUHDPGLUHFWLRQV)URPUHVXOWWKLVLWLVOLNHO\WKDWWKHGHJUHHRIFRXSOLQJ
FRUUHODWHVPRUHZLWKVWUHDPZLVHYHORFLW\GLVWULEXWLRQVSDUWLFXODUO\IRUPRUHLQHUWLDOSDUWLFOHV
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